Three experiments were conducted to determine the effects of omitting vitamin and trace mineral premixes and(or) reducing inorganic phosphorus additions to finishing diets on growth performance, carcass characteristics, and muscle quality in pigs. In Exp. 1, a corn-soybean meal-based diet (.70% lysine, .65% Ca, and .55% P) was used as the control. Pigs (n = 128; average initial BW of 85.7 kg) were fed the control diet or the control diet without 1) the vitamin premix, 2) the trace mineral premix, or 3) both premixes. Omitting the premixes had no effect on ADG (P > .39); gain/ feed (P > .17); carcass backfat thickness (P > .42); and marbling, color, and firmness of the longissimus muscle (P > .11). In Exp. 2, pigs (n = 128; average initial BW of 86.2 kg) were fed the control diet (.65% Ca and .53% P) used in Exp. 1 and the control diet without 1/3 (.56%
Introduction
Pigs consume approximately one-third of their growing-finishing feed allotment during the final 4 wk before slaughter (NRC, 1988) . So, any decrease in feed costs during this period is likely to increase the profitability of a swine operation. Also, gain/feed in late finishing is the lowest in a market hog's life, and, unfortunately, diets for late finishing often are overfortified. Much of this excess nutrient content results because suggested requirements (NRC, 1988) were developed from experi- (Consortium, 1988) . 3 To whom correspondence should be addressed. 
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Ca and .46% P), 2/3 (.51% Ca and .40% P), or all (.47% Ca and .31% P) of the added monocalcium phosphate (MCP). Omitting up to 2/3 of the MCP increased ADG (quadratic effect, P < .02) and had no effect on meat quality (P > .12), but backfat thickness increased slightly (quadratic effect, P < .02). In Exp. 3, pigs (n = 160; average initial BW of 86.6 kg) were fed the control diet used in Exp. 1 or the control without 1) the vitamin and trace mineral premixes, 2) 2/3 of the MCP, or 3) the premixes and 2/3 of the MCP. Treatment had no effects on ADG (P > .23), gain/feed (P > .94), stomach lesions (P > .37), or serum gamma globulins (P > .08).
In conclusion, vitamin and trace mineral premixes and up to 2/3 of the supplemental MCP can be omitted during late finishing (i.e., approximately the final 30 d) to reduce nutrient excesses that increase cost of feeding and nutrients excreted in waste material. ments with pigs slaughtered at lighter market weights than are common today; as pigs increase in age and size, their nutrient requirements as a percentage of the diet decrease. These dietary excesses are excreted as waste that potentially contributes to environmental pollution.
To decrease nutrient excesses and production costs, broiler producers often omit vitamin and(or) trace mineral premixes during the last week before slaughter. University data suggest no negative effects on growth performance or carcass characteristics when this production strategy is employed (Waldroup et al., 1968; Skinner et al., 1992c; Deyhim and Teeter, 1993) . Furthermore, Skinner et al. (1992a) and Chen and Moran (1994) reported that withdrawal of the inorganic P source during the last week before slaughter had no effect on growth performance or carcass characteristics of broilers. Thus, the objectives of the experiments reported herein were to determine the effects of omitting vitamin and trace mineral premixes and(or) reducing inorganic P additions in late finishing diets on growth performance, carcass characteristics, and muscle quality in pigs.
Experimental Procedures

Experiment 1
A total of 128 (Line 326 sire × C15 dam; PIC, Franklin, KY) pigs, with an average initial BW of 85.7 (SD of 7) kg, were used to determine the effects of omitting vitamin and(or) trace mineral premixes during late finishing. The pigs were blocked by initial BW and assigned to treatment based on ancestry. There were two pens of gilts and two pens of barrows for each treatment, with eight pigs per pen. The pigs were housed in a modified open-front finishing facility (spring months) with 50% solid-concrete and 50% concrete-slat flooring. Each pen (1.8 × 4.9 m) was equipped with a two-hole self-feeder and a nipple waterer to allow ad libitum consumption of feed and water. Until initiation of the experiment, the pigs were given diets that met or exceeded NRC (1988) recommendations for all nutrients. For the experiment, a corn-soybean meal-based diet (.70% lysine, .65% Ca, and .55% P) was fed in meal form as the control with all other nutrients meeting or exceeding NRC (1988) nutrient recommendations (Table 1) . For the other treatments, the vitamin premix, trace mineral premix, or both premixes were replaced with corn. Diets were analyzed for DM, CP, Ca, P, Zn, and Fe (AOAC, 1995) ; vitamin A (internal procedure, Midwest Laboratories, Inc., Omaha, NE); and riboflavin (AACC, 1995) .
Pigs and feeders were weighed at initiation and conclusion of the growth assay to determine ADG, ADFI, and gain/feed. When a pen of pigs, within a weight block, reached an average BW of 115 kg, the entire block was removed from the growth assay. Two blocks reached the end weight on d 27 and two blocks on d 29 of the experiment. The pigs were shipped at 0300 to a commercial slaughter facility and were processed before 0700. Hot carcass weight was recorded to allow calculation of dressing percentage. Off-midline backfat thickness and longissimus muscle depth were measured at the 10th rib using an optical probe (Fat-O-Meter, model S71, Knud Simonsen Industries, Ltd., Rexdale, Ontario, Canada). Backfat measurements were adjusted to skin-on thickness by adding 2.54 mm to the probe reading (NPPC, 1991) . Fat-free lean index was calculated using the equation suggested by the National Pork Producers Council (NPPC, 1994) . After overnight chilling (2°C), the carcasses were fabricated, and the right loin was collected and transported from the slaughter plant to our meats laboratory. The longissimus (at the 10th rib) was traced and scored for color, firmness, and marbling according to procedures suggested by the National Pork Producers Council (NPPC, 1991) . Waterholding capacity of the fresh meat was evaluated using the expressible moisture test (filter paper press method) described by Grau and Hamm (1956) . Also, loin chops (approximately 2.54 cm thick) from the 10th rib area were placed on an absorbent pad in a styrofoam tray, wrapped with polyvinylchloride film (oxygen permeable), and exposed to 1,614 lumens/m 2 Delux Warm White flourescent lighting at 2.2°C. A Minolta CR-200 spectrocolorimeter was used (average of three readings per chop) to determine muscle lightness (Hunter 'L' value) on d 0, 3, and 5.
Data were analyzed as a randomized complete block design (Steel et al., 1997) with initial BW as the blocking criterion, using the GLM procedures of SAS (1993) . Pen was the experimental unit for all response criteria, with treatment and block as defined sources of variation. Hot carcass weight was used as a covariate for analyses of dressing percentage, backfat thickness, longissimus muscle depth and area, and fat-free lean index. Preplanned treatment comparisons were made using the orthogonal contrasts 1) control vs other treatments, 2) either vitamin or trace mineral premix omitted vs both vitamin and trace mineral premixes omitted, and 3) vitamin vs trace mineral premix omitted.
Experiment 2
A total of 128 (PIC Line 326 sire × C15 dam) pigs, with an average initial BW of 86.2 (SD of 9) kg, were used to determine the effects of reducing inorganic P (i.e., monoclacium phosphate, MCP) additions during late finishing on growth performance, carcass characteristics, and muscle quality. Pigs were grouped by initial BW and assigned to treatment based on ancestry. There were two pens of gilts and two pens of barrows for each treatment, with eight pigs per pen. The experiment was conducted during the summer months. Until the experiment was started, the pigs were given diets that met or exceeded NRC (1988) recommendations for all nutrients. For the experiment, pigs were fed the control diet used in Exp. 1 and the control without 1/3, 2/3, or all of the MCP. Calcium concentration was decreased, by omitting limestone, to keep the Ca:P ratio constant at 1.2:1 in all diets (Table 2) . Also, as the MCP and limestone were removed from the diet, minor adjustments were made in the corn:soybean meal ratios to ensure that all diets were isonitrogenous.
Housing and management of the pigs was the same as in Exp. 1. Two blocks reached the end weight on d 28 and two blocks on d 34. Slaughter procedures, collection of carcass data, and laboratory analyses were the same as in Exp. 1.
Data were analyzed as a randomized complete block design, using initial BW as the blocking criterion and hot carcass weight as a covariate for carcass measurements. Polynomial regression was used to determine the presence of linear, quadratic, and cubic treatment effects as MCP additions were decreased.
Experiment 3
A total of 160 (PIC Line 326 sire × C15 dam) pigs, with an average initial BW of 86.6 (SD of 5) kg, were used to determine the effects of omitting vitamin and trace mineral premixes and reducing inorganic P (i.e., MCP) additions during late finishing on growth performance, carcass characteristics, and muscle quality. Pigs were grouped by initial BW and assigned to treatment based on ancestry. There were two pens of gilts and two pens of barrows for each treatment, with 10 pigs per pen. The experiment was conducted during the fall months. Until the experiment was started, the pigs were given diets that met or exceeded NRC (1988) recommendations for all nutrients. For the experiment, pigs were fed the control diet used in Exp. 1 or the control without the vitamin and trace mineral premixes, 2/3 of the monocalcium phosphate, or both the premixes and 2/3 of the monocalcium phosphate. Calcium concentration was decreased, by omitting limestone, to keep the Ca:P ratio constant at 1.2:1 in all diets (Table 3) .
Housing and management of the pigs was the same as in Exp. 1 and 2. At d 15 of the experiment, blood samples were collected from the brachial region into nonheparinized collection tubes. The pigs were not denied feed before blood was collected. The serum was harvested by centrifugation at 4°C and 1,855 × g for 20 min and frozen until analyzed for total proteins (AOAC, 1995) , albumins (AOAC, 1995) , and globulins (Fahey and McKelvey, 1965) . Two blocks reached the end weight on d 26 and two blocks on d 33 of the experiment. Slaughter procedures, collection of carcass data, and laboratory analyses were the same as in Exp. 1 and 2 except that the esophageal region of each stomach was collected at the slaughter plant and scored for severity of esophagogastric keratinization and ulceration (Muggenburg et al., 1964) . The scoring system used for keratinization was 0 = normal, 1 = mild, 2 = moderate, and 3 = severe keratosis, and for ulcers was 0 = normal, 1 = erosion, 2 = ulcer, and 3 = severe ulcer. Hunter 'L' values for the loin chops were determined on d 0, 3, 5, 10, and 15 of shelf display. Additionally, meat cooking characteristics were determined using a second loin chop (approximately 2.54 cm thick) from the 10th rib location. Water loss was determined after letting the chops thaw on an aluminum tray, under butcher paper, for 24 h at 2°C (AMSA, 1995) . To calculate cooking loss, the chops were grilled to an internal temperature of 71°C, placed in an aluminum tray, and left to reach room temperature before weighing (AMSA, 1995) . At least three core samples (1.27 cm in diameter) of the cooked meat were taken parallel to the direction of the muscle fibers. The core samples were sheared perpendicular to the direction of the muscle fibers using an Instron Universal Testing Machine (model 4201, Instron, Canton, MA) equipped with a Warner-Bratzler blade attachment. Compression load was set at 50 kg, and chart drive and crosshead speed were 250 mm/min. Contrasts were: 1) control vs other treatments (diet 1 vs 2, 3, and 4), 2) VIT and TM vs VIT + TM (diet 2 and 3 vs 4), and 3) VIT vs TM (diet 2 vs 3). d Equation (NPPC, 1994) was: fat-free lean index = (51.537 + (.035 × hot carcass wt, lb) − (12.26 × off-midline backfat thickness, in).
e Ratio of total film area to meat film area (filter paper press method). A lower value suggests a greater water-holding capacity. Statistical treatment of data was the same as in Exp. 1 and 2, using initial BW as the blocking criterion and hot carcass weight as a covariate for carcass measurements. Preplanned treatment comparisons were made using the orthogonal contrasts 1) control vs other treatments, 2) omitting either the premixes or 2/3 of the monocalcium phosphate vs omitting both the premixes and 2/3 of the monocalcium phosphate, and 3) omitting the premixes vs 2/3 of the monocalcium phosphate. The stomach scores were analyzed using the Cochran-Mantel-Haezel procedures (rows means score differ and nonzero correlation tests) for categorical data.
Results and Discussion
Experiment 1
Removing vitamin and trace mineral premixes from diets during late finishing had no effect on ADG (P > .39) or gain/feed (P > .17), but it reduced ADFI (P < .05). Dressing percentage, backfat thickness, longissimus depth and area, and fat-free lean index did not differ (P > .12) among pigs fed the dietary treatments. Scores for muscle quality (color, marbling, and firmness) revealed no effect of dietary treatment (P > .12). There was a trend for greater water-holding capacity (P < .08) when the vitamin and trace mineral premixes were omitted, but Hunter 'L' values taken at d 0, 3, and 5 of display were not different from the control. Indeed, the only muscle color determination responding, even slightly, to removal of premixes was a higher (lighter) 'L' value (P < .05) at d 0 for chops from pigs fed the diet without trace minerals than for chops from pigs fed the diet without the vitamin premix. This difference was not present (P > .59) on d 3 or 5 or for the pigs fed diets with both the vitamin and trace mineral premixes omitted.
These data are in agreement with Gillis (1995, 1996) , who observed no effect on growth performance and carcass characteristics, including leanness and backfat thickness, of pigs when vitamin and(or) trace mineral premixes were omitted from wheat-barley-canola meal-based diets during the last 3 to 5 wk before market. Similarly, removal of vitamin and trace mineral premixes from broiler diets during the last 1 to 3 wk before market had no effect on growth performance and carcass characteristics (Skinner et al., 1992b; Deyhim and Teeter, 1993; Christmas et al., 1995) . That period in broiler chicks represents up to 50% of a 42-d grow out. In the case of our pigs, the last 28 d before market (i.e., when the premixes were withdrawn) represented 18% of their growth period.
Experiment 2
Reduction of inorganic P additions during late finishing had a quadratic (P < .02) effect on ADG (Table 5) , with increased ADG when up to 2/3 of the MCP was removed and decreased ADG when all of the MCP was removed. However, removing the MCP did not affect (P > .16) ADFI or gain/feed. These results are in general agreement with O'Quinn et al. (1997) , who reported that finishing pigs (80 to 110 kg) required no more than .42% dietary total P, and with Lindemman et al. (1995) , who reported that pigs performed well even with total omission of the inorganic P source for the last 41 kg of their growth period.
In our experiment, pigs fed the diet that supported maximum performance, with the lowest dietary P concentration (.40%), consumed 12.4 and 5.9 g/d of total and available P, respectively. These values are in close agreement with the NRC (1988) suggested requirements for 50-to 110-kg pigs (a dietary concentration of .40% and 12.3 and 4.6 g/d of total and available P intake) and research reported by Cromwell et al. (1970 Cromwell et al. ( , 1972 , Stockland and Baylock (1973) , Bayley et al. (1975) , and Jongbloed and Everts (1992) . However, prior levels of dietary fortification are likely to affect P requirements in late finishing. Cera and Mahan (1988) suggested that marginally deficient Ca and P nutrition during the growing phase had a negative carryover effect into the finishing phase. A similar effect was reported in broiler experiments (Chen and Moran, 1995) , in which growing birds fed diets deficient in Ca and P had reduced finishing performance even when offered nutritionally adequate diets. Thus, the number of days before market that low P diets can be employed without a negative impact on growth performance likely has Ratio of total film area to meat film area (filter paper press method). A lower value suggests a greater water-holding capacity.
e Scored on a scale of 1 = pale pinkish gray to 5 = dark purplish red (NPPC, 1991) . a maximum that will be affected by prior Ca and P concentrations in the diet. Carcass measurements were not affected (P > .19) by dietary treatment except for a 1.5 mm increase (quadratic effect, P < .02) in backfat thickness when 2/3 of the MCP was omitted. However, when all of the MCP was omitted, backfat thickness did not differ from the control. Subjective muscle quality scores (color, firmness, and marbling) and water-holding capacity were not different (P > .12) among pigs fed the various treatments. Hunter 'L' values were not different at d 0 (P > .22), tended to be higher (lighter) at d 3 (linear effect, P > .06), but were not different at d 5 of display (P > .13) as additions of MCP were decreased. These data are in agreement with other pig and poultry experiments suggesting no effect on carcass characteristics with dietary P concentrations at that needed for maximum growth (Skinner and Waldroup, 1992b; Ketaren et al., 1993; Lindemann et al., 1995) .
Experiment 3
Removing vitamin and trace mineral premixes and 2/3 of the MCP (Table 6 ) had no effect on ADG, ADFI, or gain/feed (P > .13) compared with the control diet. Among the treatments with reduced nutrient fortification, omitting vitamin and trace mineral premixes decreased (P < .02) gain/feed compared with omitting 2/3 of the MCP. This effect, however, is probably of little concern because none of the treatment means was different from the control. Diets with reduced nutrient fortification resulted in a tendency for greater (1 mm) backfat thickness (P < .06) and reduced (.5%) fat-free lean index (P < .07). Longissimus muscle color (P > .31), firmness (P > .22), and marbling (P > .07); water-holding capacity (P > .27); and Hunter 'L' values at d 0, 3, 5, 10, and 15 (P > .16) were not affected by the dietary treatments. These results are in agreement with data from Exp. 1, Patience and Gillis (1995, 1996) , and Lindemann et al. (1995) suggesting no effect on backfat thickness when vitamin and trace mineral premixes and part or all of the inorganic P source were omitted from diets during late finishing. Water loss during thawing (P > .46) and cooked meat tenderness (P > .37) also were not affected by dietary treatment.
In addition to the indicators of growth performance, carcass leanness, and muscle quality, stomachs and blood samples were collected to determine presence of stomach lesions and(or) depressed immune function that could affect health status. Scores for keratinization and ulceration (Table 7) did not differ (P > .37) among pigs fed the various treatments. Serum total protein concentration was reduced (P < .01) by omitting the vitamin and trace mineral premixes from the control diet. However, this difference was not considered problematic because the normal range for serum total protein, as proposed by Friendship et al. (1984) , is from 5.2 to 8.3 g/dL, and our treatment means ranged from 7.4 to 7.6 g/dL. Also, albumin (P > .67), total globulin (P > .06), and gamma globulin (P > .08) levels were unaffected by dietary treatment.
The lack of negative effects on the traits evaluated in our experiments suggests little justification for adding vitamin/trace mineral premixes or P in excess of NRC (1988) recommendations (.40% total and .15% available P) during late finishing. However, this strategy in diet Scoring system: 0 = normal; 1 = mild; 2 = moderate; 3 = severe keratinization. f Scoring system: 0 = normal; 1 = erosion; 2 = ulcer; 3 = severe ulcer.
formulation is for terminal pigs only and not for replacement gilts. Also, tissue vitamin and mineral concentrations were not evaluated in our experiments. Results from Deyhim et al. (1996) and Patel et al. (1997) suggest that omitting the vitamin premix during the last weeks before market might reduce concentrations of thiamin and riboflavin in broiler meat. Removal of vitamins from pig diets for 35 d prior to slaughter resulted in reduced thiamin, but not riboflavin or niacin, concentration in fresh pig meat (Patience and Gillis, 1996) , although these differences would be reduced with the destruction of water soluble vitamins that results from cooking. 
Implications
Vitamins and trace minerals supplied by corn and soybean meal can support optimum performance of terminal-cross pigs during late finishing. Also, phosphorus can be at concentrations recommended by the National Research Council without negative effects on growth performance, carcass leanness, or muscle quality. Inclusion of vitamin and trace mineral premixes and high safety margins for phosphorus should be reconsidered during late finishing to reduce diet costs and the environmental impact of swine production.
